The electroretinogram (ERG) has not proved to be of significance to the study and diagnosis of macular degenerations. This is partly because the ERG tests the function of large retinal areas, while the macular lesion occupies a small fraction of the retina. In addition the ERG is dominated by scotopic responses, while the macular contains many cones. Attempts have been made to elicit the photopic ERG of the macular region. Although the responses to focal flashes have been recorded under clinical conditions, '"' there are considerable difficulties in ensuring that they originate from a defined retinal area. Another technique is to use a reversing pattern4 as a stimulus, since stray light in the retinal zones outside the image of the pattern remains constant as the pattern changes. Recently it has been shown that the pattern ERG (PERG) can be used as a clinical tool in the investigation of retinal disease. [5] [6] [7] [8] [9] The object of this paper is to give normative PERG data and to describe the findings in defined forms of macular degeneration. It has been claimed that the PERG, although similar in waveform to the response evoked by flashes, may be produced by a different mechanism. Therefore we have recorded the ERGs to focal and diffuse illumination in such patients, to determine whether the results support the supposition that the PERG is abnormal under conditions where the same retinal area can produce a normal flash response.
Material and methods
Ganzfeld ERGs were recorded as previously were placed on the forehead. The corneal electrode9 was placed in the lower fornix. Graded intensities of blue light were used to evoke rod ERGs, and red light was used to evoke separable cone and rod ERGs. Cone ERGs were also evoked by flickering white light. Intense white light was used to evoke oscillatory potentials. The amplitude and time to peak of the major waves were measured for every stimulus condition. The light source was a stroboscope (Grass PS22) which had been recently calibrated."' Grading of the ERG. In common with other Pattern ERGs (PERG) were recorded as previously described.5 6'" The stimulator'' generated a reversing pattern on a TV monitor. The screen displayed checkerboards of squares which subtended 10, 0.50, or 8°at the eye. The last was used to record focal luminance responses (see below). In the first experi-878 ments a monitor was employed which gave an 84% contrast with a mean luminance of 50 cd.m-2, and the pattern subtended 18x22°. Stimulation frequencies were 2 or 3 Hz-i.e., 4 or 6 reversals s-' Lighting conditions for this part of the investigation were mesopic. A second monitor was also used which produced checkerboards of 98% contrast at a mean luminance of 140 cd.m-2 The pattern subtended 20x 15°(in a few experiments 15x 15°). The stimulation frequency was 6 reversals s-' The monitor was used with a large white mask illuminated to 100 cm.mto ensure that the patient was thoroughly lightadapted. The PERGs evoked by this second monitor were significantly larger than for the first despite the smaller size and the bright surround. The television frame rate was given by the frequency of the mains (50 Hz). The stimulus repetition rate was made independent of this frequency to avoid 50 Hz inter-. ference. Each record consists of four or more summations of 200-500 individual responses. A small light-emitting diode (LED) placed centrally on the screen served as a fixation spot. Some patients who had central scotomata were unable to see the central fixation target. In such cases the LED was positioned on the screen in such a way that the visual axis met the screen centre, and the patient could see the LED with the preferred part of the peripheral retina.
Electroculograms (EOG) were recorded as previously described. '3 Selection of patients. All the patients had been referred from the Retinal Diagnostic Department, where the examination included fundus photography and (in most cases) fluorescein angiography. Visual fields and visual acuity were measured. In 14 cases the patients had already been specially investigated and had classical Stargardt's disease; they formed a homogeneous subgroup. They had well demarcated 'punched out' retinal pigment epithelium (RPE) atrophy at the macula, so choroidal vasculature was easily visible. More peripherally the changes were discontinuous with a pattern of pigment clumping and RPE atrophy. These changes fell 12 Gcncral maculopathy 3 Gcneral rctinopathy I Functional short of the disc. The RPE contained 'flecks,' which angiography showed as opaque accumulations obscuring the choroidal vascular fluorescence. In cases of familial disease affected relatives of the propositus were also examined. The remainder fell into various categories (Table 1) .
Results

PSYCHOPHYSICS
Visual acuity in these patients ranged from 6/5 to counting fingers at 1 metre (CF). Average vision for those better than CF was between 6/24 and 6/36 (acuity of 5 minutes arc). Colour vision. The subset of patients with Stargardt's disease selected for further investigation by extended pattern and focal ERGs tests also had their colour vision examined by the use of the HRR (Hardy, Rand, Rittler) pseudoisochromatic plates. A mild red green (protan) defect was found in 11 patients, and two failed to identify the patterns. The remaining patient had normal colour perception (visual acuity better than 6/5).
ELECTROPHYSIOLOGY
Many patients in this series were referred to the Electrodiagnostic Clinic during the examinations which preceeded diagnosis and assessment. The *Numbers in parentheses refer to the protocol described in the appendix of Arden et al. 10 ponent of red light flashes), and for white light. The a wave peak time was increased for white flashes (cone activity). These results are shown in Table 2 .
PATTERN ERGs
Normal values. Pattern ERGs were recorded in a number of normal subjects. Some were employees of the hospital, others were relatives of patients who came to the hospital. In all of them the responses to 1°a nd 8°squares were recorded. The former produced a pattern response and the latter, a response to change of illumination of small focal retinal regions All differences between patients and normal persons and between PERGs and FERGs very highly significant, p<0 01.
(FERG).674 From the age of 9 to 75 years it appears that the mean value of the normal PERG is 3-7 I,V under the circumstances of our tests (Fig. 5) .
The limit of error of the mean (2 SEM) is ±0-3 RtV, while the lower limit of normal of an individual result is 2-7 IV. PERGs were recorded in 40 patients with maculopathies. Only three gave a normal PERG recording (amplitude mean=3-03 IV) in both eyes.
Two of these patients had vitelliform maculopathy, but the retina overlying the deposited material was still intact, and vision was preserved. One had a solar retinopathy. Of the remaining 37 two suffered from monocular eye conditions, and the PERG from the fellow eyes was found to be within the normal limits. For the remaining eyes the average amplitude was 0-87 IV, SEM 0-7, which is less than one-quarter of the normal value (Table 3) . Thus the abnormality in the PERG is very obvious, unlike that in the Ganzfeld ERG. FERG and PERG. Focal and pattern ERGs were obtained in normal persons and the results compared with those from a series of patients with Stargardt's disease, who formed a homogeneous group. The aim was to determine whether the use of the patterned stimulus resulted in a greater reduction in response amplitude than did one which evoked luminance responses. In the normal population the FERG is smaller than the PERG (Fig. 3) , so the ratio of the response amplitudes is less than unity. The average value is 0-86, with a range 0-61-1-18. In only five cases was the result more than unity. In the patients with Stargardt's disease the PERGs and FERGs were very small, and therefore there are difficulties in assessing the ratio. If all the voltages are summed, the ratio of the averaged FERG to the averaged-PERG is 1-66, which is considerably different from the normal. However, in some cases the response was judged to be absent or smaller than the electrical noise. In such an individual the ratio could be almost zero or very large indeed. In order to obtain an estimate of the variability of the FERG/PERG ratio we eliminated all those results (11 eyes) where satisfactory measurements could not be made. The average of the ratios and the standard deviation were then calculated. In these patients the mean was also 1-66, and the value is significantly different from normal. It appears that the PERG was reduced to a greater extent than the FERG in these patients.
CORRELATIONS BETWEEN TESTS
Visual acuity. Losses in visual acuity were unrelated to the abnormality in the EOG or the ERG. When we divided patients into two groups, those with normal ERGs and those without, the average visual acuity was similar in the two. If the grouping was restricted to presence of abnormalities in the cone ERG, once again the visual acuity of the latter group was (on average) the same as the former. However, five patients with normal cone ERGs had a vision of 6/6 or better, and none of those with ERG cone abnormalities had vision of 6/6 or better. The relationship between the reduction in PERG amplitude and the reduction in visual acuity is shown in Fig. 6 . The relationship is highly significant (p<0-001).
ELECTRORETINOGRAMS
We calculated the degree of ERG abnormality by counting the number of abnormal ERGs found in each patient (all of whom were investigated by our standard protocol). The number of failures varied from the averaged of 14 to 1 per eye (the maximum 
